Certain fish are very rich sources of vitamin D as compared to most of the higher vertebrates which have insignificant amounts of this vitamin. Not only the teleosts, which possess a calcified skeleton, but also the elasmobranchs, which lack calcified skeleton, contain extremely high concentrations of this vitamin, leading to the speculation that the function of vitamin D in fish may be different from its known classical functions in terrestrial animals. Interestingly, the two most common calcemic hormones associated with Ca and P homeostasis in higher vertebrates are either missing [parathyroid hormone (PTH)] or inactive [calcitonin (CT)] in fish. In fact, these hormones appear to have developed after transition of life from water (Ca-P rich environment) to land (environment poor in Ca and P). Thus, living in an aquatic environment with a continuous rich supply of Ca and P, do fish need vitamin D? If so, does it need to be converted to its polar forms? Additionally what are the functions of vitamin D and its metabolites in fish? Since fish stand between the invertebrates and higher vertebrates in evolution, they serve as a unique model for the study of the evolutionary and physiological significance of vitamin D. Investigations have demonstrated that the source of a high amount of vitamin D in them is primarily through their food-chain (plankton). In addition, it appears from the studies in fish that vitamin D perhaps had no physiological function in the calcium-rich aquatic environment, and its metabolism was essentially for catabolic purposes. During the course of evolution, when life started on calcium poor terrestrial environment, vitamin D became functional and its metabolism, an anabolic one, was concerned with calcium homeostasis. Key Words fish, calcium, evolution, metabolism, vitamin D
Serum calcium level of 2.5mmol/L is maintained in all life-forms of vertebrates, aquatic and terrestrial. What makes this number sacrosanct? Perhaps this most guarded constant of Nature is the conundrum waiting to be deciphered in the ongoing process of evolution.
Calcium is the 5th most abundant element in the sea, from which life arose. Therefore several vital biological processes, including neuronal excitability, muscle contraction, membrane permeability, hormone release, enzyme activity, and bone mineralization, became dependent on this element during the evolutionary process (1) .
During the chemical evolution, a steroid would have been formed, and this, on irradiation by solar UV rays, must have resulted in the formation of a secosteroid, calciferol. The foundation for this assumption is that calciferol was found to be present even in primitive living cells. Today, calciferol, known as vitamin D, which is produced in the skin from exposure to sunlight ( Fig. 1) (2-7) , plays an important role in calcium homeostasis in land vertebrates (8) (9) (10) .
The assumption that vitamin D was an important regulator of calcium homeostasis in early evolution may not be true. This is because life evolved in the sea where calcium is abundant and was available at all times in its surroundings. Thus the mechanism for calcium homeostasis and for the conservation of calcium was not needed. Source of vitamin D and regulation of calcium in fish Fish are known to be rich sources of vitamin D [25,000-250,000IU/g oil (13 -16)] compared with the higher vertebrates [<1IU/g oil (17) ]. This vitamin is mainly derived through diet, i.e., plankton (Table 1) , which inhabit the photic zone and thus are capable of photosynthesizing vitamin D (18) (Fig. 2) . Because vitamin D is a lipid soluble, nonpolar compound, it must have accumulated, resulting in its high amount in fish. This raises the question of whether vitamin D has any function in fish? As we know, in a calcium-phosphorus-poor terrestrial environment, the precise control of plasma calcium is dependent on the vast reservoir of the element in the skeleton. A regulation of calcium involves vitamin D (via its active metabo lite, 1,25-dihydroxy vitamin D3 [l,25(OH)2D3] a steroid hormone), parathyroid hormone (PTH), and calcitonin (CT) (1,12) (Fig. 3) . When a continuous and virtually inexhaustible supply of calcium and phosphorus is ensured by the aquatic environment, fish may not require vitamin D for the regulation of these minerals. Apart from this, the calcemic hormone PTH is absent in fish, and this seems to have developed very much later after fish in the evolution process (12 of fish and their calcemic/phosphatemic status (19-21) moreover, the administration of vitamin D/metabolites shows no effect on known parameters in fish dependent on vitamin D (22) . Thus it appears that vitamin D may not have a role in the calcium and phosphorus regulation in fish. This raises a very pertinent query, "Is vitamin D silent in fish, and if it is, why?"
Calcified skeleton as a reservoir of calcium As the regular and constant availability of calcium and phosphorus from the sea became ensured, a reservoir for these minerals was found unnecessary; thus some fishes, such as the cyclostomes, chimaerids, and elasmobranchs, developed a completely cartilaginous skeleton, but the bones of many teleosts became relatively acellular and metabolically inactive, not useful for homeostatic control (1) . During the course of evolution, when life shifted on to low calcium (0.1mmol/L) fresh water, two options were left for the animals: either to shift the vital biological calcium-dependent functions to some other chemical that is constantly available, or to ensure a constant supply of calcium within their bodies by conservation. The animals seem to have selected the second option, and this led to the development of bone, a calcified endoskeleton, to serve as a large reservoir of calcium and phosphorus, and this is of great importance in the history of evolutionary events.
Because a continuous supply of these minerals was still ensured from the surrounding environment, vitamin D seems unnecessary to regulate them. In support of this, the high ionic strength of Cat + in marine cyclostomes (0.77) and marine elasmobranch (0.29) lowers the chemical reactivity of calcium and prevents crystal formation (11) .
Thus if the ionic strength of the physiological fluid is the crucial determinant of tissue calcification, and if vitamin D apparently had no role in this process, why do fish metabolize vitamin D?
Vitamin D metabolism in fish Vitamin D must have entered fish accidentally through a diet that had plenty of it (18) , and it does not seem to have any known physiological function (22) in a calcium-phosphorus-rich aquatic environment. Thus this may be a needless compound that was present in the diet and that entered the fish that way. Therefore it must be disposed of, since it has no function and as a lipid compound gets unnecessarily deposited. Because vitamin D is a nonpolar lipid compound, fish must metabolize it into polar forms to facilitate its disposal through excretion. The enzymes needed for the hydroxylations probably then evolved in the liver (Table  2) (23, 24) to ctabolize vitamin D into polar forms. Thus the metabolism of vitamin D in fish is primarily meant only for a catabolic purpose (Fig. 4) .
In the evolutionary process, as the scene shifted from a calcium-phosphorus-rich water world to calcium-phosphorous-poor terrestrial habitats, the vertebrates had no other choice but to meet the requirements of these minerals through dietary sources. Then to maintain a regular supply of calcium in the terrestrial environment, calcium-regulating hormones seem to have evolved. At this juncture, vitamin D must have become functional by using the same metabolic pathway to maintain the extracellular calcium-phosphorous homeostasis in an internal environment containing calcified endoskeleton (bone). Thus bone attained significance as a large store for calcium and phosphorous for a close cycle of the servo system for the minute-to-minute control of these minerals. This was accompanied by the evolution of an extensive system of bone cells that responded rapidly to PTH, CT, and 1,25(OH)2D3. Thus this important element (calcium) is now regulated by these three hormones. The metabolism of vitamin D thus acquired a newer meaning as an anabolic one in the calcium and phosphorus homeostasis (Fig. 4) . Fish, the very primitive vertebrates, could only metabolize it (23, 24) and not utilize it (19) (20) (21) (22) (23) (24) , of Vitamin D 7
and it is the higher animals that learned to use this vitamin (8, 9 
